Levels of Evidence: Level IV: Retrospective case series
Keywords: adolescent foot problems; foot surgery techniques; implant arthroplasty; joint replacement; hallux limitus H allux rigidus (HR) is a degenerative and progressive arthritic disease involving the first metatarsophalangeal joint (MTPJ), which results in limited dorsiflexion, stiffness, difficulty in the push-off stage of gait, painful range of motion (ROM), and dorsal osteophyte proliferation. HR can be idiopathic or traumatic (micro-or macrotrauma to the cartilage of the first MTPJ resulting in damage to, and erosion of, the joint surfaces) and results in the production of dorsal 695864F ASXXX10.1177/1938640017695864Foot <italic>&</italic> Ankle SpecialistFoot & Ankle Specialist
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Evaluation of Metatarsal Head Resurfacing Hemiarthroplasty in the Surgical Treatment of Hallux Rigidus osteophytes. [1] [2] [3] [4] [5] Several conservative and surgical treatment options have been reported in the literature; age, activity level, patient expectations, and the severity of arthrosis are important factors in deciding the best treatment option. [2] [3] [4] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] However, the management of advanced (stages II and III) HR remains controversial, with many authors reporting on a variety of methods, including interposition arthroplasty, resection arthroplasty, partial or total MTPJ arthroplasty, and joint fusion. 7, 10, 12, [14] [15] [16] Arthrodesis has been advocated by many authors for treating advanced HR, and a recent study showed reasonable or good outcomes of arthrodesis after 30 months follow-up. 14, [17] [18] [19] However, limitations in shoe wear, transfer metatarsalgia, permanent activity modifications, and complications from malrotation, malpositioning, malunion, or nonunion have made this procedure less attractive to the younger, active patient. [20] [21] [22] [23] Many patients demand a mobile and pain-free MTPJ. 24, 25 The HemiCAP Toe Classic system (Arthrosurface Inc, Franklin, MA), which was introduced in 2005, appears to fulfill that requirement. 10 The implant design was determined by the anatomy and kinematics of the first MTPJ. It can be used to resurface damaged articular surfaces and restore the patient's own unique joint geometry with minimal bone resection. The degenerative cartilage at the metatarsal head is removed, and the partial joint-simulating implant is put in place.
The aim of this study was to evaluate the functional outcomes and mid-to long-term results of metatarsal head resurfacing hemiarthroplasty in the treatment of advanced HR.
Methods
We performed a retrospective review of 57 consecutive patients with symptomatic advanced HR who underwent metatarsal head resurfacing hemiarthroplasty (using the HemiCAP Toe Classic system) between August 2007 and September 2010. The nature of the surgical intervention was explained, and all patients signed an informed consent form concerning the operative technique. The 2 senior authors performed all surgical procedures in one center. The primary outcome examined in this study was the change in the American Orthopaedic Foot and Ankle Society (AOFAS) hallux metatarsophalangealinterphalangeal scale from the time of patients' initial admission to the final follow-up visit.
The AOFAS was developed by the American Foot and Ankle Society and is used to assess pain, function, and alignment. A score of 100 indicates that the patient is pain free, has full ROM, no instability, and good alignment with no activity limitation. Forty points are allotted for pain, 45 for function, and 15 for alignment. 13 Patients were assessed by a resident in clinic prior to the surgical procedure, and AOFAS scores were determined. Patients were graded according to the Hattrup and Johnson radiographic grading system, which was developed to radiographically grade HR based on increasing osteophyte production, joint space narrowing, and subchondral sclerosis. 3 Only patients with grade II (moderate osteophytes with joint space narrowing and subchondral sclerosis) and grade III (marked osteophytes, loss of joint space, and possible subchondral cysts) at the preoperative radiographic review were considered for the study. Standardized weightbearing anteriorposterior and lateral radiographs of the foot were obtained before surgery and as part of the clinical follow-up assessment. Analysis consisted of assessment of joint space periprosthetic radiolucency (mm), implant disassembly, implant subsidence (mm), recurrence of the dorsal osteophyte, interphalangeal arthritis, elevation of the first ray and first metatarsal declination angle (normal range = 19° to 25°). [26] [27] [28] The final follow-up evaluation included a repeat determination of the AOFAS score.
The exclusion criteria for this study were previous surgical procedures in the same foot, an increased intermetatarsal angle, hallux valgus deformity (>15°) and distal metatarsal articular angle (>10°), joint infection, neuropathy, osteomyelitis, erosive systemic arthritis, inadequate bone stock, nickel allergy, inflammatory arthritis, and postinfectious arthritis. The demographic characteristics of the patients are listed in Table 1 . The ROM of the MTPJ between the proximal phalanx and the first metatarsal shaft was measured with the foot and ankle in the neutral position using a goniometer at initial admission and the final follow-up visit. 29 All measurements were recorded preoperatively and postoperatively by the same 2 observers. All observed complications during the follow-up period were recorded by the same observers.
Operative Technique
HemiCAP Toe Classic system is a joint replacement system that uses articular and fixation devices for metatarsal head resurfacing arthroplasty. The HemiCAP is a "contoured articular prosthetic" that incorporates an articular resurfacing cobalt-chrome alloy component and a rigid fixation component, which is a cannulated, tapered titanium screw that allows for solid primary fixation in the metatarsal head. Under tourniquet control, the joint was accessed via a dorsal medial approach and the long extensor tendon of the hallux was retracted laterally. The first MTPJ capsule was opened longitudinally, and the first metatarsal head was exposed by plantar flexion of the toe. Adhesions around the sesamoidal region and MTPJ were released until sufficient (≥90°) dorsiflexion of the MTPJ was achieved. A guidewire was then placed parallel to dorsal cortex of the shaft of the first metatarsal in a position 1 to 2 mm plantar to the center of metatarsal head in sagittal plane and its position was verified under fluoroscopy by identifying the guidewire in 2 planes. A cannulated contact probe was placed over the central guidewire to measure the size of the metatarsal head. The probe aided visualization of the dorsal, plantar, medial, and lateral contact points of the metatarsal head to determine the appropriate implant size. The taper post was used to measure the depth. We attached the implant 1 mm deeper to the joint surface. Next, we reamed the surface over the guide pin for fixation of the resurfacing implant. Confirmation of the appropriate depth was achieved using trial caps, and we ensured that the implant was not located above the existing articular cartilage. Dorsal osteophytes and periprosthetic joint remnants were then debrided, recreating a smooth and unobstructed metatarsal head. The plantar aspect of the first metatarsal head and sesamoid crista were contoured to ensure smooth articulation of the sesamoids over the implant throughout the ROM. The proximal base phalangeal aspect of the joint was debrided of all osteophytes and fibrosis. Next, the tapered post and properly sized articular component of the HemiCAP were implanted without cement. If more than 50% of the cartilage on the phalangeal base showed significant degeneration, a sleeve of extensor digitorum brevis was interposed and fixed with mini suture anchors. The ROM of the MTPJ was checked for any impingement, loose bodies, and periarticular adhesions. After releasing the tourniquet, we repaired the joint capsule. An elastic bandage was applied after closing the wound; no drain was required in any patient. Summary of operative technique can be seen in Table 2 .
Postoperative Rehabilitation
The operated limb was elevated and an ice pad was applied to the wound. Anteroposterior and lateral radiographs were obtained in the immediate postoperative period in all patients. Passive ROM exercises were initiated during the early postoperative period, and active ROM exercises were started following the removal of the skin sutures. Patients were allowed to wear normal shoes and ambulate freely after a period of 4 weeks. Once patients had returned to using normal footwear, the full range of activities could be resumed as tolerated. Follow-up evaluations were performed during the 1st, 3rd, 6th, and 12th postoperative months and during the final follow-up visit.
Statistical Analysis
Data were analyzed using SPSS (version 17.0 for Windows; SPSS Inc, Chicago, IL). The normality of distribution of continuous variables was determined with the Kolmogorov-Smirnov test. Data are shown as means ± standard deviations or medians (ranges), as applicable. The number and percentage of cases were used for categorical variables, and Student's t test was used to compare mean differences between groups. The Mann-Whitney U test was used to compare medians. Categorical data were analyzed using Pearson's χ 2 or Fisher's exact test, as appropriate. The
Wilcoxon signed-rank test was used to determine the statistical significance of differences between pre-and postoperative clinical measurements (ie, ROM and AOFAS score). P values <.05 were considered to be statistically significant.
Results
Metatarsal head resurfacing was performed on 57 patients. Eight patients underwent bilateral procedures, resulting in a total of 65 cases. The demographic characteristics of the patient population are listed in Table 3 . Of the 57 patients, 25 (43.9%) were male and 32 (56.1%) were female, with a mean age of 61.0 ± 6.4 (range = 44-78) years. In preoperative radiographic staging according to the Hattrup and Johnson classification, 73.7% of all cases were determined to be grade 3 HR and 26.3% were determined to be grade 2 HR. The median follow-up duration was 81 (range = 8-98) months. None of the patients had signs of implant loosening, subsidence, or disengagement, and there was no evidence of periprosthetic radiolucency consistent with implant wear. Seven (12.3%) patients with a mean age of 71.1 ± 3.8 (range = 67-78) years experienced implant failure mode due to the persistent pain at a median of 11 (range = 8-14) months. All 7 patients had no crepitus, warmth, erythema, or edema noted, although movement of the joint, Table 2 .
Summary of Operative Techniques.
• Aggressive soft tissue release for exposure and range of motion
• Fluoroscopic control of guide wire placement for correct implant placement
• Joint decompression by altering the joint line: advancing the fixation component 1-3 mm
• Confirmation of the appropriate depth was achieved using trial caps, and ensured that the implant was not located above the existing articular cartilage
• Metatarsal cheilectomy
• The tapered post and properly sized articular component implantation and check the cartilage on the phalangeal base degeneration both passive and active, was markedly painful. In addition, the infection markers (erythrocyte sedimentation rate and C-reactive protein) and joint aspiration cultures were obtained before the revision procedure. We did not find any clinical or laboratory evidence for infection. Seven patients underwent revision; due to the persistent pain at median 11 months, there was no radiographic or intraoperative evidence for metatarsal head implants loosening. The metatarsal head resurfacing implants were removed and converted to a primary total MTPJ arthrodesis without the use of interpositional bone graft. Primary total MTPJ arthrodesis fixation was performed with a plate, and if necessary, a positioning screw was placed. After the metatarsal head resurfacing implants were removed, patients in this situation still have the option of first MTPJ fusion without grafting, because the length of the first metatarsal remains uncompromised when this implant is used. All patients were free of delayed wound healing and infection. In one foot (14.2%), clinical nonunion was found at 19 months after arthrodesis; however, no reoperation was planned, because the patient had no complaints and low activity threshold. The demographic and clinical characteristics of patients are shown according to implant failure in Table 4 .
Preoperative and postoperative measurements are listed in Table 5 . The median preoperative AOFAS score was 34 (range = 22-59) points, which had increased to 83 (range = 26-97) points at the final follow-up visit (P < .001). The median preoperative AOFAS pain subscore was 0 (range = 0-20) points, which had increased to 40 (range = 30-40) points at the final follow-up visit (P < .001). The median preoperative first MTPJ ROM was 25° (range = 15° to 40°), which had increased to 75° (range = 30° to 85°) at the final follow-up visit (P < .001).
Preoperative and postoperative measurements are presented according to grade in Table 6 . The median preoperative AOFAS score among patients with grade 2 HR was 33.5 (range = 26-47) points, which had increased to 83 (range = 29-97) points at the final follow-up visit (P < .001). The median preoperative AOFAS pain subscore among patients with grade 2 HR was 0 (range = 0-20) points, which had increased to 40 (range = 30-40) points at the final follow-up visit (P < .001). The median preoperative first MTPJ ROM among patients with grade 2 HR was 25° (range = 15° to 35°), which had increased to 75° (range = 40° to 80°) at the final follow-up visit (P < .001). The median preoperative AOFAS score among patients with grade 3 HR was 34 (range = 22-59) points, which had increased to 85 (range = 26-96) points at the final follow-up visit (P < .001). The median preoperative AOFAS pain subscore among patients with grade 3 HR was 0 (range = 0-20) points, which had increased to 40 (range = 30-40) points at the final follow-up visit (P < .001). The median preoperative first MTPJ ROM among patients with grade 3 HR was 20° (range = 15° to 40°), which had increased to 75° (range = 30° to 85°) at the final follow-up visit (P < 0.001).
Discussion
The results of the present study have demonstrated the mid-to long-term clinical outcomes of resurfacing hemiarthroplasty for the treatment of advanced-stage HR. We obtained significant improvements in AOFAS scale score and joint motion with metatarsal head resurfacing arthroplasty for the treatment of advanced-stage HR, with retention of arthroplasty in 50% of the patients. Seven (12.3%) patients underwent revision to arthrodesis during the follow-up period due to persistent pain. Interestingly, the mean age of this group was significantly older than the retained prosthesis cohort (with a mean age of 71.1 ± 3.8, 59.6 ± 5.3, P < .001). These patients underwent subsequent revision; the metatarsal head resurfacing implants were removed and total MTPJ arthrodesis was performed. We find cartilage degeneration more than 50% on the phalangeal base in older patients at the time of the index procedure. This can be one possible explanation of pain and implant failure. Although the proximal phalangeal side showed dysplastic changes consistent with wear due to the metatarsal resurfacing in most patients, in our study only older patients were symptomatic. We believe that the cartilage degeneration more than 50% on the phalangeal base at the time of the index procedure may cause persistent pain in older patients. In light of our findings, we do not recommend the use of metatarsal head resurfacing hemiarthroplasty in older patients due to more phalangeal cartilage degeneration and the persistent pain. Clement et al report 2 cases of implant loosening or osteolysis around the implant. 30 However, we did not find any evidence of radiolucency, implant loosening, subsidence, or disengagement.
HR is common, affecting up to 10% of adults. 31, 32 It can be a debilitating cause of pain and functional limitation during low-and high-impact activities of daily living. Patients with advanced-stage HR are typically between 50 and 60 years of age, and most desire to maintain MTPJ motion for professional and personal reasons. Therefore, the treatment goal is dictated by the patient's disease stage, expectations, and suitability of the Table 5 . procedure in terms of immediate and long-term requirements. Primary patient expectations focus on pain relief and functional improvement, but the postoperative protocol and restrictions must be considered when choosing an individual treatment plan. Oral nonsteroidal anti-inflammatory drugs, activity restriction, footwear modification, and intraarticular steroid injections are the main conservative treatment options for the early management of HR. 33 Treatment of the advanced stages of HR is challenging because of the chronicity of the disease process. The choice of arthrodesis or arthroplasty for the treatment of severe HR is controversial. Arthrodesis is more commonly accepted as an appropriate treatment choice by the majority of authors because of the resultant formation of osteophytes, narrowing of the joint, restricted joint motion, and soft-tissue contracture around the joint. Due to the development of a new generation of metatarsal head resurfacing implants good functional results have been achieved following arthroplasty. 10, [34] [35] [36] [37] [38] Metatarsal head resurfacing with the HemiCAP system is based on a fourth-generation implant design; it involves replacement of the damaged articular surface with a patient-specific implant and requires minimal cartilage and bone removal, if indicated. The reason for its success may include the preservation of normal metatarsal bone and cartilage, which allows for easier and better salvage procedures if revision surgery becomes necessary in the future. Other benefits include the maintenance of intrinsic muscle function, no change to the contours of the joint surfaces, the ability to decompress the MTPJ if necessary, and stable screw fixation. 7 Hemiarthroplasty primarily addresses the metatarsal side of the first MTPJ and was designed for patients who live active lives because the implant preserves much of the native joint and maintains the joint biomechanics. 7, 10 The HemiCAP Toe Classic system was used in our study. HemiCAP Toe Classic system was first-generation metatarsal head resurfacing hemiarthroplasty implant. First generation of HemiCAP metatarsal head resurfacing included the following: high pitched, threaded fixation; modular articular components in 12 and 15 mm diameter; and various surface curvature offset sizes. In the second generation, the implant's dorsal flange is oriented to cover the dorsal aspect of the metatarsal head and to prevent osteophyte formation after implantation. The results of the present study have demonstrated the mid-to long-term clinical outcomes of resurfacing hemiarthroplasty for the treatment of advanced-stage HR. We observed significant improvements in the AOFAS score and ROM, in line with several published reports that have also described increased ROM and AOFAS scores after hemiarthroplasty for the treatment of HR. In an analysis of 3049 cases assessed in 47 studies of first MTPJ arthroplasty, Cook et al 8 reported patient satisfaction rates of 85% to 95% over a mean follow-up period of 61.5 months. In a comparative study of arthroplasty and arthrodesis, Raikin et al 14 suggest that arthrodesis is superior to metallic hemiarthroplasty of the phalangeal base. This conclusion was based on a follow-up for arthrodesis of 30 months and hemiarthroplasties of 79.4 months. Different endpoints may have influenced 7 Hasselman and Shields reported only 2 failures in more than 100 patients undergoing treatment of high-grade HR with HemiCAP prostheses, with a mean follow-up period of 30 months. 10 They also reported high patient satisfaction rates and good functional outcomes in all 25 patients who were included in the study over a mean follow-up period of 20 months. 10 Aslan et al reported early results of HemiCAP resurfacing hemiarthroplasty in 27 toes, and showed improvement of the mean AOFAS score (from 40.94 to 85.1) and first MTPJ ROM (from 14.36° to 54.38°), with no failure. 34 Erdil et al reported their results after metatarsal head resurfacing hemiarthroplasty in 14 feet, and they noted that the mean first MTPJ ROM had improved significantly from a preoperative value of 22.2 ± 5.6° (range = 10° to 28°) to a postoperative value of 56.3 ± 9.6°. 35 Meriç et al reported early results of metatarsal head resurfacing hemiarthroplasty in 14 feet, showing improvement in the mean AOFAS score (from 33.5 ± 9.8 to 83.7 ± 10.1) and first MTPJ ROM (from 22.8° to 69.6°), with one failure. 38 Kline et al reported the first longer term report on a fourthgeneration, MTP resurfacing implant that demonstrated durability of the procedure with excellent pain relief and functional improvement at an average follow-up of 5 years. 37 The findings from our patients are consistent with those cited in previously published studies. Summary of previously published studies reporting clinical results of the surgical treatment of HR can be seen in Table 7 . This study was limited by its observational and retrospective design and relatively small number of patients included. We also did not use a control group to compare the results. The ideal scenario would be to perform a prospective, multicenter, randomized trial. Comparative studies of the long-term outcomes of different surgical techniques, incorporating larger case series with similar qualifications, are required in the future.
Conclusion
After conservative treatment has failed in patients with moderate to severe HR, first MTPJ hemiarthroplasty is an effective treatment method that recovers toe function and first MTPJ ROM, and provides good mid-to long-term functional outcomes. Although supported by limited evidence, an arthroplasty may not be appropriate in patients older than 70 years or if the base of the proximal phalanx cartilage wear is greater than 50%. However, Clement et al report revision associated with younger age. 30 A well-designed, prospective controlled study with a larger number of subjects is needed to quantify the advantages and disadvantages of this technique.
